A simple method is described for directly determining serum urea nitrogen, wtihout deproteinization.
#{149} Berthelot reaction
The carbamido-diacetyl reaction of Fearon (1) has been the basis for a number of methods used to determine urea concentrations in biologic fluids. Because the reaction is carried out in a strongly acid medium using diacetylmonoxime, the formation of hydroxylamine has been postulated as an interfering side reaction that decreases sensitivity. Various oxidants have been tested in the reaction mixture for their effectiveness in destroying hydroxylamine, and so enhancing the color. These include persulf ate (1) (2) (3) (4) , arsenic acid (3, (5) (6) (7) (8) (9) (10) , perchloric acid (11) , chloramine-T (12), and various cations (13, 14) . Other substances such as glucuronolactone (15) , phenylanthranilic acid (16) , and thiosemicarbazide (17, 18) have also been used to increase color stability and further enhance sensitivity.
Thiosemicarbazide in combination with ferric ion was successfully used by Marsh et al. (18) in both automated and manual procedures to obtain adequate sensitivity from the Fearon reaction with lowered requirements for strong acid. We found their manual method (18) to be insufficiently sensitive for our present purpose of creating a direct procedure, in which whole serum could be used without deproteinization.
In addition, when we attempted to combine the reagents into a single reagent, the presence of ferric ion appeared to cause marked instability. Marsh et al. (18) stated that more sensitivity could be gained by increasing the diacetylmonoxime and thiosemicarbazide concentrations or by increasing the acid concentration. By varying the concentrations of diacetylmonoxime, thiosemicarbazide, and acid and by using cadmium sulfate in the reaction mixture, we developed a method that permits urea N to be determined in whole serum at concentrations as low as 5mg/lOOmI.
We describe here both a manual procedure and an automated adaptation of it, for use with the AutoAnalyzer. This reagent is the same as that used in the manual method. Remove all vials 12 mm later, immerse them in cool tap water for 5 mm, and mix by inversion.
Set the photometer on zero with the blank and read the absorbance of standards and unknown at 540 nm (see Table 1 for wavelength setting or filter to be used).
Draw a point-to-point standard curve. The absorbance of the color developed is not linear with concentration ( Figure 1 ). If a standard curve is not used, the results will not be more than about 1 mg/100 ml low when calculations are made with the 30 mg/100 ml standard, for serum urea nitrogen concentrations up to 30 mg/100 ml. If the serum values are greater than 30 mg/100 ml, the sample should be reanalyzed with use of 10 Ml. For samples suspected of having abnormally high urea N values, a lO-czl sample should be used initially. This approach provides a convenient one-point standardization for concentrations as great as 60 mg urea of N per 100 ml.
Automated Procedure
The manifold and flow system, composed of stock AutoAnalyzer modules, are shown in Figure  2 . The sampler is set at 60 determinations per hour To simplify plotting calibration curves on linear graph paper, use absorbance chart paper in the recorder.
Read the concentration of the sample from the calibration curve.
Results and Discussion

Composition of Urea N Reagent
Acid conditions are required for the formation of a colored complex between urea and diacetylmonoxime. Mixtures of sulfuric acid-phosphoric acid (18) or sulfuric acid-hydrochloric acid (14) have been used to attain the acidity necessary. Many authors (17, 18) have demonstrated that sensitivity increases with increased concentrations of sulfuric acid. The use of high concentrations of acid to enhance sensitivity was not feasible for development of a method for whole serum because proteins would precipitate.
Marsh et al. (18) used ferric ions in combination with thiosemicarbazide to increase the sensitivity of the reaction, and thereby decreased the high acid requirements.
If we replaced ferric ions (18) with cadmium ions in the same molar concentration, absorbance increased by about 50%. We then varied the amount of diacetylmonoxime and found that an additional increase in sensitivity was obtained by increasing the ratio of diacetylmonoxime to thiosemicarbazide as compared to that proportion used by Marsh et al. (18) . The final formulation selected (see Reagents section) made it possible to use 20 Ml of serum directly, without protein precipitation, for urea N concentrations as low as 5 mg/100 ml. The use of a short reaction time (12 mm at 100#{176}C in the manual method and 5 mm at 95#{176}C in the automated method) with this reagent composition was feasible because it yields a standard curve that is approximately linear up to 30 mg/100 ml, with good sensitivity. ions (160 mg of MnC12 per 100 ml) and 20% in 1 h with ferric ions (33 mg of FeC!3 per 100 ml). We therefore chose cadmium as the metal ion in our reagent.
Stability of the Final Color
Comparison of Proposed Manual Method vs. Manual Reference Method
Results by the present manual method were compared with those by the specific method of Chaney and Marbach (19) , which measures ammonia released enzymatically by urease. The correlation coefficient (Figure 3) tions of serum bilirubin, as high as 10 mg/ 100 ml, or mild hemolysis do not interfere with the method.
The between-run precision of the manual method is ± 6% (95% confidence limits) for serum urea nitrogen values between 10 and 80 mg/100 ml (N = 30, 3 = 20.4 mg/100 ml). Other investigators have reported or expressed the desire for methods that can be used in such a dual fashion. The manual and automated methods we have proposed have two advantages over previously described (18, 21) methods, namely, the elimination of a protein precipitation step in the manual procedure and the omission of the dialyzer in the automated procedure.
